The morphology of alveologenic tumor, hemangiosarcoma, lymphangioma, intrabronchial papilloma and adenomatosis observed in the lung of guinea pigs is described. Electron micrographs revealed alveologenic tumor to consist of Type It pneumocytes and the lesion of adenomatosis to consist of distended alveoli lined with ciliated bronchial type epithelial cells.
In 1970 the subject of spontaneous and induced lung tumors in the guinea pig has been reviewed (1). In the intervening decade only 2 investigations on pulmonary tumor induction in the guinea pig have been reported. In addition to numerous primary tumors in dif-1 ferent locations, Toth (2) observed on subcutaneous injection of 7,12-dimethylbenz(a)anthracene into newly born Hartley albino guinea pigs 4 pulmonary adenomas and 1 adenocarcinoma; on administration of urethane 5 pulmonary adenomas and 1 adenocarcinoma were observed. A single oil-injected control developed a pulmonary adenoma. Cardy and Lijinsky (3) compared the carcinogeniceffect of 5 nitrosamines in the guinea pig.'In addition to having a large number of liver tumors, out of 20 guinea pigs treated with dinitroso-2,6-dimethyl-piperazine 4 were found with lung tumors, 2 tumors designated as adenoma and 2 as adenocarcinoma; in a similar group treated with nitroso-2,6-dimethyl-morpholine 2 guinea pigs were found with tumors designated as adenoma and adenocarcinoma of the lung, respectively; in a TOXICOLOGIC PATHOLOGY third group treated with nitrosomethyldiethylurea one guinea pig with adenoma of the lung was reported.
In this paper the occurrence of tumors in the lung of inbred and noninbred guinea pigs is described. Tumors occurred without any treatment and in guinea pigs that had been subjected to whole body irradiation with Xor gamma rays.
MATERIALS AND METHODS
This study, as our previous studies of tumors of the gallbladder (4), urinary bladder (5), and spleen (6) was based on the population of guinea pigs that Lorenz and his associates (7) employed in their study of the effects of whole body irradiation with X-or gamma rays. The population consisted of nonbreeding male and virgin female guinea pigs of inbred strains 2 and 13 and a noninbred stock, all grouped into treated or control animals. Of the treated guinea pigs, groups received predetermined doses of 8.8, 4.4, 2.2, 1.1 and 0.11 R for 8 hours daily. For the most heavily irradiated the total exposure amounted to between 1000 R and 1800 R over a 6 months period, after which time the guinea pigs survived for up to 55 months. The exposure for those receiving lower doses continued throughout their entire lifespan. Other groups of guinea pigs received a single dose of X-rays that varied between 125 R and 420 R.
The tissues taken at autopsy (except of the guinea pig described below) were fixed in Zenker-formal, embedded in paraffin, and 6 pm sections colored with hematoxylin-eosin, periodic acid Schiff reaction, Masson's trichrome, phosphotungstic acid-hematoxylin and Wilder's silver method.
For electron microscopy, selected areas were cut from the paraffin block and trimmed into 1 mm cubes. After removal of the paraffin and dehydration of the tissues with alcohol and a 2 hour postfixation in 2% glutaraldehyde, the tissues were treated with 1% osmium tetroxide in phosphate buffer. They were dehydrated in graded ethanol .Bnd embedded in Spurr-low-viscosity embedding medium. One micron thick sections for light microscopy were stained with toluidine blue. Sections were cut at a microtome setting of 60 to 90 nanometer. They were treated with uranyl acetate and lead citrate and examined with an AEI-801 electron microscope. The Zenker-fixed tissues were not satisfactory for detailed electron microscopic investigation of alveologenic tumors. We obtained 2 alveolo-genic tumors from an untreated 56 months old female noninbred guinea pig.* The guinea pig was killed by intraperitoneal injection of nembutal. The lungs were fixed by intratracheal injection of phosphate buffered 2% glutaraldehyde and then immersed in the same fixative. They were processed for electron miproscopic investigation as above.
The level of significance was calculated by the Fisher Exact Probability Test and by the Chi-square test (8). The one-tail test was employed for comparing the tumor incidences, since a decrease of tumor induction by irradiation was not expected. For comparison of the effect of irradiation between the inbred and noninbred strains the two-tail test was used, since no a priori expectation toward one strain existed.
RESULTS
Alveologenic tumors, hemangiosarcomas, lymphangioma, intrabronchial papillomas and adenomatosis were observed in the lungs. The neoplastic nature of adenomatosis is still problematic and will be discussed later.
Morphology
(a) Alveologenic tumors (synonyms: papillary adenomas, alveolar adenomas, adenomas).
With the unaided eye these pulmonary lesions occurred as whitish rather firm nodules of 1-6 mm diameter, located in most instances subpleurally. The pleural surface over the tumor was elevated. The nodules were sometimes single, more often multiple. The numbers of the nodules on gross investigation were underestimated when they were embedded deeper in the lung parenchyma, and overestimated in cases when circumscribed lymphocytic infiltration, metastatic carcinoma, or deposition of calcified material into the lung were present. Some lesions were of microscopic size only.
On light microscopic investigation the initial lesions were located on the luminar sur-Sace,of the alveoli of one or of several alveolar sacs or ducts, apparently in the area supplied *by a single terminal bronchiolus. The flat alveolar epithelial cells were replaced by columnar or cuboidal cells, arranged in a single cell row on the unchanged alveolar supporting structures. Two types of cells were present: (a) dark cells with dense basophilic cytoplasm and central nuclei, and (b) clear cells with honey-combed cytoplasm and basal located nuclei. The clear cells are larger than the dark cells and the tips of the cells protrude into the spaces lined by neoplastic cells. On the thin sections the cytoplasmic vacuoles contain a darker staining, apparently lamellar material. Extrusion of this cytoplasmic material into the glandular spaces of the tumor is apparent (Fig. 1 ).
In all tumors both dark and light type cells were seen though one or the other type predominated (Fig. 2 ). The small lesions were formed mostly by dark cells but clear cells were also present. In the clear type tumor cells very fine granules of PAS positive, diastase resistant material could be demonstrated; in an occasional cell large droplets of such material were seen. In incipient tumors one or both alveolar surfaces were covered by neoplastic cells. Through the proliferation of the supporting thin connective tissue septa which carried the capillary blood vessels, the layers of the neopldstic cells were no longer restricted to the alveolar septa. The tumors became papillary or tubular and occasionally formed solid tumors. In the neoplastic alveoli. numerous macrophages were present. In many tumors foci of central necrosis or central empty, cell-free areas were seen (Fig. 3) .
The size of the tumors increased by centrifugal involvement of the epithelium of the alveoli adjoining the tumor ( Fig. 4) or, less often by confluence of several lesions (Fig. 5 ). The neoplastic transformation in the neighboring alveolar epithelium appeared to originate de novo since skip-areas on the alvolar epithelium were observed.
A-small or medium size bronchus was prese n t at the periphery of the tumor in some cases (Fig. 6 ). The tumor compressed the bronchus and attenuated the layers of the bronchial wall; however, a transition between brochial epithelial cells and tumor cells could not be demonstrated.
When the tumors achieved a certain size they were circumscribed and the larger ones were demarcated by compressed surrounding pulmonary parenchyma. Occasionally, foci of calcification were seen in the surrounding pulmonary parenchyma.
In 5 tumors changes in the tumor cells and in the stroma suggested the possibility of malignant transformation. The cells in the tumors were enlarged with strongly basophilic atypical large nuclei and prominent nucleoli. Numerous layers of tumor cells covered the septa. Some cells were elongated and suggested squamous metaplasia, but there were no epithelial pearls or keratin formation. In one case groups of darkly stained elongated cells were interspersed between the paler large cuboidal cells ( Fig. 7 ). Distant metastases were not found. The lymph nodes were not investigated systematically. Transplantation was not attempted.
Th> electron microscopic investigation of the glutaraldehyde-fixed tumor in an untreated guinea pig showed that the great majority of the cells in the tumor had Type I1 pneumocyte differentiation. The cells were elongated or cuboidal and were joined by desmosomes or tight junctions. The indentated, slightly irregular nuclei were centrally placed and the nucleoli were prominent. The most prominent feature was the presence of abundant osmiophilic lamellated bodies. The lamellae were arcuate or crossbarred in cross section (Fig. 8 ). This shape was described in Type II pneumocytes of guinea pigs by Creasey et al. (9). The osmiophilic lamellae have a tendency to be dislodged, leaving behind empty vacuoles (Fig. 9 ). The instability of the osmiophi~ic lamellated bodies has been observed by Brooks (10).
(b) Hemangiosarcomas H~mang~osarcomas which ~nvolved the lung were found in 1 irradiated and in 1 untreated Strain 2 male guinea pig. The tumors arose multifocally. In addition to the lung tumor, foci of hemangiosarcoma were present in the spleen, liver, kidney and mesentery fatty tissue. Both guinea pigs with hemangiosarcoma in the lung were younger than the median age of guinea pigs with pulmonary aIveologenic tumors. The hemangiosarcomas in the lung were multiple. On gross examination the foci in one case occurred as srnh!l dark spots; in the other case the lesions were larger and clearly contained blood, On micro: scopic examination the lesions were poorly circumscribed., One lesion consisted of blood filled capillaries: the other of blood distended cavernous channels (Fig. 10 ). The blood spaces were lined with neoplastic endothelial cells. The endothelial cells were often large with bizarre nuclei and ~u m e r o u s abnormal mitoses. Since these tumors arose multifocally the question of metastases cannot be decided. The 4 hemangiosarcomas of the spleen which were published previously (6) did not metastasize to the lung.
(c) Lymphangioma One single lymphangioma was found in the lung of an untreated inbred male guinea pig. The distended channels were lined by a single layer of flattened endothelial cells. The channels contained a proteinaceous fluid with a few blood cells. The channels were separated by thick hyalinized connective tissue septa (Fig. 11 ). It is an open question whether the lesion is a true neoplasm or a malforn+tion of the lung.
(d) Intrabronchial papillomas Intrabronchial papillomas were observed twice in irradiated and once in an untreated guinea pig. The papillomas were attached by a broad base to the wall of medium size bronchi. Respiratory epithelial cells COvered thin stalks Of connective tissue. SqUamous cell papilloma, previously observed in the bronchus of a diethylnitrosamine treated guinea (e) Adenomatosis (synonyms: pseudotumor, pseudoadenomatosis, peri-bronchial adenomatous hyperplasia)
Pulmonary adenomatosis was found in 7 guinea pigs, of which 5 were noninbred irradiated and 2 inbred untreated; 3 irradiated guinea pigs had both pulmonary adenomatosis and alveologenic tumors.
The involved lobe appeared partly or totally consolidated. Poorly circumscribed grayish nodules could be discerned on the pleural or on the cut surfaces. The pleura was generally retracted or depressed over the tumor. Multiple lesions were present in the same lung.
The lobules of the lung showed more or less diffuse infiltration with mostly mononuclear cells interspersed with polymorphonuclear leukocytes. In areas considerable fibrosis replaced the alveoli. The bronchi were often dilated and the bronchial epithelium was hyperplastic. Around large and small bronchi cystic distended alveoli formed arcade-like arrangements (Fig. 12) . The alveolar epithelial cells were replaced by cubodial or columnar cells most of which were mucin producing or ciliated. The cytoplasm of the cells was deeply basophilic with basally located nuclei. The cells contained goblets of PAS positive diastase resistant material which showed positive mucicarmine and alcian blue stain. In many instances layers one or two cells thick lined the alveolar wall (Fig. 13 ). The cystic dilated alveoli were separated by thickened interstitial septa1 tissue, which contained many small blood vessels. The septa were infiltrated by mononuclear cells. Newly formed fibroblasts and collagen deposition were present. The alveolar epithelial changes extended into remote groups of alveoli; in such instances the arrangement around the bronchus no longer pertained.
On electron microscopic investigation ciliated bronchial type epithelial cells were found to line the spaces within the tumor mass. The cell population was relatively monomorphic, but occasional cells resembling Clara cells with apical granules were found.
* H O~H -L I~E L I ET AL TOXICOLOGIC PATHOLOGY
The morphology of the Zenker-fixed lesion was well preserved (Fig. 14) .
Primary tumors of other sites in guinea pigs with lung tumors
In 17 guinea pigs the pulmonary tumor was the only neoplasm; in the remaining guinea pigs multiple primary tumors were present, involving in some instances as many as 7 different sites. Coincident with pulmonary tumors were tumors of the gallbladder (la), urinary bladder (€9, breast (19), spleen (13), adrenal (14), thyroid (15), pancreatic islet cells (6), uterus (8), ovary (3), testis (3), hematopoietic tissues (3), and other sites (11). A preferential association of pulmonary tumors with a tumor of any other single site was not observed.
Frequency of lung tumors in untreated and irradiat~d guinea pigs
Lung tumors occurred in untreated and irradiated inbred and irradiated noninbred guinea pigs at all levels of exposure to irradiation. The mor~ality of guinea pigs, particularly those irradiated with 8.8 R daily, was very high in the first months of the experiment. Of the 186 guinea pigs which received 8.8 R daily, only 66 were alive at 20 months. After the effective date of 20 months, the number of lung tumors found in the groups of guinea pigs which received different daily doses of radiation was as follows: 8.8 R . . . 8/66; 4.4 R . . .11/38; 2.2 R . . ,11/36; 3.1 R . . .11/28; 0.1 R ... 5/14. Of guinea pigs exposed to a sidgle irradia~ion, tumors of the lung developed after 400 or 420 R in 8/20, after 320 or 360 R in 3/20, and after 220 R in 1/12 guinea pigs. In a selected group of guinea pigs of the same material dealt with here, Lorenz et al. (7) found l8/102 irradiated and 3/22 untreated guinea pigs bearing pulmonary tumors. The differences in the lung tumor incidence between groups receiving different doses of radiation and between these and the controls were not significant. The number of untreated noninbred guinea pigs is too small to be included in statistical considerations. For the same reason statistical analysis of the other types of tumors and of adenomatosis was not made. The effect of radiation was assessed for papillary alveologenic tumor for the inbred guinea pigs only. Because of the exceedingly high mortality of the irradiated guinea pigs during the first months of the experiment and because pulmonary tumors were not observed during this period, the comparisons of lung tumor frequencies were based on inbred guinea pigs surviving beyond 20 months.
In Table 1 are shown the numbers of guinea pigs bearing alveologenic tumors over the numbers which died in the same period. They are grouped in 5 month periods except for the first and last 10 month intervals. The number of guinea pigs with lung tumors appeared to increase with increasing age. Alveologenic tumors occurred earlier in the irradiated than in the nonirradiated guinea pigs; in irradiated males at 25 months and in the nonirradiated at 37 months; irradiated females at 28 and in the nonirradiated at 46 months. There were also more tumor nodules in the lungs of the irradiated guinea pigs: a maximum of more than 10 in the lung of an irradiated guinea pig and' a maximum of 3 of nonirradiated guinea pigs. The number of the tumor nodules counted should be taken as an approximation since mistakes in the naked eye observations during necropsy have to be taken into account.
The number of inbred guinea pigs with alveologenic tumors was higher, but not significantly so, in the irradiated than in the control group (P = 0.13; only females P = 0.07; only males P = 0.75). In the noninbred irradiated groups the males had more tumors than the females (P = 0.06). Significantly more guinea pigs with pulmonary tumors were in the irradiated noninbred male than in the irradiated inbred male group (P = 0.05).
'
DISCUSSION
The classification of pulmonary tumors in guinea pigs suffers from a lack of an unanimously accepted nomenclature. In 1952 Heston and Deringer (11) pointed out the gross and microscopic similarities of the lesion induced in the lung of guinea pigs by intravenous administration of 3-methylcholanthrene or 1, 2, 5, 6-dibenzanthracene to the spontaneous and induced pulmonary tumors occurring in the mouse.
The malignant nature of the alveologenic tumor in the mouse was evidenced by their histological appearance, their spread through the lung, their metastases, and transplantability (12). In our material of guinea pigs atypical cellular features of 5 tumors were indicative of malignancy but metastases were not found and transplantation was not attempted.
The dark and light cell types demonstrated on the semithin and on 6 pm sections:are believed to represent the same type of cell&,in different phases of merocrine secretion. THe cells of the pulmonary adenomas in the guinea pig have the ultrastructural features of Type I1 pneumocytes with only a few Clara cells among the tumor cells. Type I1 pneumocyte origin of the alveologenic tumor in mice has been established by numerous investigators (10, 13-15). Lately Clara cells were also demonstrated to form alveologenic tumors in mice (16) .
It is noteworthy that prior to the publication of Heston and Deringer (11) pulmonary tumors with gross and histological characteristics of papillary alveologenic tumor in the guinea pig were not described. From the description and photographs in the earlier publications by Sternberg (17), Spronck (18), Grumbach (19) , Norris (ZO), Fischer (21) , and Stoianoff (22), it is obvious that the lesions described are identical and we would now designate them as adenomatosis. Franks and Chesterman (23) designate this lesion as pseudotumor, Chevalier and Dontenwill (24) as adenomatoid or pseudoadenomatous lesion. The confusion in the nomenclature is caused partly by the circumstance that some authors use adenomatosis as the plural of adenoma. The reasons for our preference of the term adenomatosis are: 1. the term pseudotumor implies that the lesion is not neoplastic, which is still problematic; 2. the name adenomatosis is being used for the lesion similar to that found in guinea pigs, in sheep, in horses and in mice; 3. the term adenomatosis is used extensively to describe a lesion in the lung of the human being. The morphology of the 7 cases*-of adenomatosis in the lungs in our guinea pigs closely resembles the adenomatosis in sheep and some cases of adenomatosis and b-ronchioloalveolar carcinoma in man. Grumbach (19) called upon the authority of Cowdry to verify the similarity between the lesion in guinea pigs and the Jaagsiekte in sheep. Cowdry and Marsh (25) , on the other hand, state that they "have shown the tumorlike proliferation of pulmonary epithelium to several investigators very familiar with cancer. Some do not hesitate to return the diagnosis of cancer, while others are more con-TOXICOLOGIC PATHOLOGY servative and remark that if the same conditions were met in the human lung they would classify them as cancerous."
A single ultrastructural investigation of pulmonary tumors in the guinea pig was published previously (26) . Pulmonary fibrosis and adenomatosis was reported to be induced by injection of a soluble immune complex in guinea pigs which were living in a 40-60% oxygen-rich atmosphere, The lining cells in the lesion adjacent to the bronchial wall were reported to be Type I1 pneumocytes. The designation of adenomatosis, however, cannot be sustained for these lesions. The changes described are consistent with alveolar distension and Type I1 cells hypertrophy being a reaction to damage. On electron micrography of our case of adenoma~osis, the lining cells were seen to be ciliate or mucus producing. The mucus secretion was proven by demonstration of PAS positive distase resistant material which gave positive mucicarmine and alcian blue reactions.
Hemangiosarcoma in the lung of an untreated guinea pig is here reported for the first time. Rao and Reedy (27) found in the lung of a guinea pig tjreated with a nitrosamine derivative pulmonary hemangiosarcoma associated with hepatic hemangiosarcomas. The authors consider that these tumors are metastatic but they do not exclude an independent primary pulmonary hemangiosarcoma.
Whole body irradiation at all levels decreased the time of first occurrence and increased the number of tumors in the lung of guinea pigs. The number of guinea pigs bearing lung tumors was significantly increased for the inbred females only. Lung tumors are so far the only type of tumor that occurred significant~y more frequently in the noninbred than in the inbred guinea pigs. The effect of irradiation was comparable to that of a carcinogen which in mice (12) and in guinea pigs (16) increased the number of both alveologenic tumors and adenomatosis in the3ung. Just as with other primary tumors of diffqrent sites in guinea pigs (4-6), the effect of whole body irradiation could be considered related to the reduction of the median age of life (28, 29) . Biachemical changes which occur during aging and during carcinogenesis were reviewed by Pitot (30), and the many similarities discussed. The concept of earlier aging as an effect of irradiation would explain the earlier development of tumors without an increase in the number of animals that develop tumors.
